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From the right .spherical triangle PBE, figs. 2 and 3, we 
have- 

(1) Cos a = cos a cos $. 
(2) Cot. A. A. = cot a sin 13. 

Let a and p be two variables in Cartesian rectangular co- 
ordinates. Assign d a constant value and let a and ,3 vary; 
then from the first of these equations a certain definite curve 
will be traced as shown in the diagram (see fig. 4), and by 
assigning arbitrary values to G, from 0’ up to 90°, a family of 
declination curves will be obtained. I n  the same manner 
there will result a family of hour angle curves (see fig. 5 )  by 
assigning arbitrary values to the hour angle H. A.,  and then 
letting u and ,3 vary. By constructing the two series of curves 
on the same set of coordinate ases these results follow. 

Thus the plane area is divided into a series of curve line 
quadrilaterals which may be made as siiiall as we please by 
tracing the curves at  sulliciently small intervals. 

If one value of d and one of H. A .  be given, then 11s means 
of these curves the position of a point is fixed in the plane. 
The rectangular coordinates of this point are the values of u 
and p corresponding to these values of d ancl H .  A.  Conversely, 
if we know the values of (* ancl ,S, we are enabled t,o plot the 
position in the plane, and we can read off 17 aucl H.A. by means 
of the curves. 

By means of this abacus, the azimuth ancl altitude of a star 
may be determined when its declination and hour angle ant1 
the estimated colatitude are given. Plot the position of the 
star by means of J and H. A. curves, estimating the minutes by 
the eye, and read the rectangular coordinates of the point 
thus plotted, a on the vertical scale and ,3 on the horizontal 
scale. The H. A. curves here represent, niericliaiis and tlie 6 
curves represent parallels of the celestial sphere. Now make 
B = 1 + ,3, considering 13 negative i f  the latitncle and clecli- 
nation are of contrary name. Plot the point which has (1 and 
B for rectangular coordinates, and, considering now the H. A. 
curves to represent verticals, and the 2 curves to represent cir- 
cles of equal latitude, read off the azimuth hy means of the 
17; A.  curves, and the altitmle cine to  the estimat,ed latitude by 
means of the 6 curves. 

This abacus will also serve to find: 
(1) The time of rising and setting of a star and its aziiniith 

(2) The name of an observed star. 
(3) The distance and great circle course between two points. 
Through the initiative of Monsieur EugGne Pereire, Presi- 

dent of the Administrative Council of the Compagnie GQnCrale 
Transatlanticlue, this method has been published in rectangu- 
lar coordinates on four grand-eagle pages on a scale of 
of a meter to the degree, and may be purchased in France. 

in the horizon. 

-_ 
STUDIES ON THE THERMODYNAMICS OF THE ATMOS- 

PHERE. 
By Prof. FRANK H. RII~ELOW. 

I.-ASYMMETRIC CYCLONES AND ANTICYCLONES I N  EUROPE 
AND AMERICA. 

INTRODUCTORY REMARKS. 

The synthetic construction of the correct statement of the 
mechanical problems involved in the cyclonic and anticyclonic 
circulations of the atmosphere depends upon the coordination 
of the data derived from observations of the velocity vectors, 
the pressures, and the temperatures prevailing in the moving 
air masses. In my International Cloud Report, 1898, ancl in 
the MONTHLY WEATHER REVIEWS for January, February, and 
March, ~ 9 0 2 ,  the distribution of the velocity vectors for the 
United States was described; in the REVIEWS for January and 
February, 1903, the distribution of the pressures correspond- 
ing to these velocities was explained; in this present series 
of papers the results of my studies on the relation of the tem- 
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peratures to the velocities and pressures will be summarized. 
It has been shown conclusively for the United States that 
there are no true local warm-centered and cold-centered 
cyclones or anticyclones in the atmosphere, and that all the 
theoretical cliscussions or theses founded on that basis are 
misdirected. The observations demonstrate that in the lower 
atmosphere the actual mechanism consists of rather deep warm 
and cold countercurrents of air. which underrun the pre- 
vailing eastward drift. The centers of gyration are uniformly 
i n  the region where these counterflowing currents meet each 
other, that is to say, on the edges rather than in tlie midst of 
the warm and cold regions. About one half of the cyclone is 
relatively warm and the other half cold, wlile the opposite 
half of the anticyclone is warm and its alternate half is cold. 
Thus, in the United States, the eastern and northern sectors 
of the cyclone with the western ancl northern sectors of the 
anticyclone are warm, while the western ancl southern sectors 
of the cyclone and the eastern and southern sectors of the 
anticyclone are cold. The warn1 air flowing from the south- 
west into the east of the cyclone and west of the anticyclone, 
aucl the cold air flowing from the northwest into the east of 
the anticyclone and the west of the cyclone, constitute two 
currents whose temperatures differ from each other and from 
the norilia1 teniperatiire of the prevailing eastward drift. 
Theqe currents seek to equalize their different temperatures 
by interpenetration, and in SO doing the circulating structures 
known RS cyclonic and anticyclonic are established. The heat 
ailcled to the tropical zones of the earth by the solar radiation 
is to a considerable extent transported into the temperate 
zones by long horizontal currents in the lower levels, and is 
there expended in generating local circulations. These pene- 
trate the upper current of eastward clrift and tend to retard 
its motion, slowing i t  down to the moderate velocities 
which have been found to esist within ten miles of the ground. 
This stratification and interpenetration of currents of different 
teniperatures is the true source of the energy of storms. The 
heat energy derived froiii the condensation of aqueous vapor 
to mater, ancl the energy produced by purely dynamic eddies 
are entirely secondary in importance to the thermodynamic 
energy obtained by the counterflow and underdow of warm 
southerly currents against the cold northerly currents and 
beneath tlie eastward flowing drift. I u  the present series of 
papers it is p r p o s e d  to examine somewhat fully the thermo- 
dynamic conditionR which exist in the atmosphere, especially 
in cyclones, anticyclones and tornadoes; a t  present the tem- 
perature data are inadequate for a satisfactory consicleration 
of hurricanes ancl the general circulation, though something 
may also be done in that direction. 
THE SUPPOSED DIFFERENCE IN THE TENPERATURE DISTRIBUTION BE- 

TWEEN AMERICAN AND EUROPEAN CYCLONES AND ANTICYCLONES. 
Certain discussions of the available temperature observa- 

t8ions made a t  different levels in cyclones and anticyclones for 
the United States and Europe indicate that there is a serious 
disagreement in the results for the respective regions, as 
if these local circulations might really be different in some 
important respects. We should not expect to find any such 
divergence in the thermodynamics of the atmosphere when 
the observations and the computations have been accurately 
made, but as it is comparatively difficult to extract the exact 
truth of the matter from the actual observations, it will be 
proper to esainine these observations carefully before admit- 
ting that any important difference in the structures actually 
exists. A suitable review of the literature may be found in 
RIr. C’layton’s article,’ from which the following few statements 
are compiled: 

From a study of mountaiu observations,Professor Hann found 

Various researches on the temperatures in cyclones and anticyclones 
Beitriige zur Physik der in temperate latitudes. 

freien Atmosphiire. 
By H. Helm Clayton. 

Vol. I, pp. 93-106. 
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TABLE l.-Temperature-falla at Blue Hill. 
HIGH AREAS IN WINTER (OCTOBER TO MARCH). 

Height 
i n  

meters 

North (3). East (9). Sooth (10). I West (3). Mean. 

F No. AT T F No. AT T F No. AT T 1 F No. AT T 

0 c: 0 c: 
-13.1 4.50 
-12.1 4 . 5 5  
-11.1 -0.50 
-10.1 4 . w  
- 9.1 -0.50 
- 8.1 -0.45 

- 7.2 -0.40 
-- 6.4 -0.40 
- 5.6 -0.40 
- 4.8 -0.45 
- 3.9 -0.60 

- 2.7 -0.60 
- 1.5 -0.40 
- 0.7 -0.30 
- 0.3 -0.05 
- 0.2 -0.15 

0.1 -0.10 
0.3 4 . 4 6  
1.2 -0.65 
2.3 -0.60 
3.6 .... 

hlean -0.42 

O F. O F. O C .... .. -37.4 -18.8 
-36.1 2 -35.2 -17.5 
-32.0 2 -33.2 -16.3 
-33.8 3 -30.9 -15.1 
-27.9 4 -28.i -14.0 
-32.1 5 -26.5 -12.7 

O F. F. (! 
_... .. -21.2 -7.9 

-10.6 1 -19.8 - 7.3 
-18.7 3 -18.2 - 6.4 
-17.5 2 -16.8 - 5.6 
-13.9 2 -15.2 - 4.7 
-13.7 2 -13.7 - 3.9 

-12.5 3 -12.2 - 3.1 
-10.2 3 -11.0 - 2.4 
-10.1 3 -10.2 - 2. 0 
-6 .4  1 - 9.4 - 1.5 
- 6.9 5 - 8.8 - 1.3 

400 
3800 
3600 
3400 
3200 
m 
2800 
2600 
2400 
2200 
ZOO0 

1800 
1600 
1400 
1200 
I000 

800 
600 
400 
200 

0 

_ .  _ .  _ .  _. .... .. -31.0 -1718 1 .... . .  -29.8 .... .. -28.9 -16.8 .... .. -28.0 -6.6 .... .. -27.0 -15.7 _ _ _  . .  -26.6 - 6.8 
-20.5 1 -25.0 -14.6 . . .  . . . -25.2 - 5.0 
-20.6 1 -23.1 -13.6 . . . . . . -23.8 - 4.2 

“1.8 - 3.1 -17.8 2 -21.3 -12.6 1 ’ ... ’ .  -- 
-23.6 8 -24.5 -11.6 
-15.0 5 -22.3 -10.4 
-20.8 1 -20.4 - 9.3 

-19.2 3 -19.8 -11.7 ... . .. -18.4 -10.9 
.... . . -16.7 -10.0 

-17.4 1 -15.8 - 9.4 + 6.5 1 -13.7 - 8.3 

.... .. -20.5 - 2 . 4  
-12.7 1 -19.0 - 1.6 
-17.7 1 -17. T - 0.9 
-13.2 2 -16.1 0.0 -16.3 6 -18.6 - 8.3 

-18.3 7 -16.5 - 7.1 

-12.5 6 -14.7 - 6 .2  
-16.8 4 -12.6 - 5.0 
-10.9 13 -11.3 - 4.3 
-12.0 8 -10.4 - 3.8 
- 8.0 11 - 9.8 - 3.5 

- 5.0 13 - 8.7 - 2.8 
- Y.3 15 - 6.8 - 1.8 
- 4.1 16 - 4.3 - 0.4 
- 1.4 151 - ” 0 

35.6 151 $:ti 

.... . . -11.4 1 , O  

- 9.3 4 - 6.0 0.4 
.- 8.2 4 - 4.2 1.1 + 0.2 1 - 3.0 3.0 
- 5.7 3 - 2.6 2.1 + 0.8 3 - 3.6 1.8 

. _ _ .  _. -11.6 - 7 . 2  -17.6 1 -12.4 2.1 + 2.3 6 - 9.4 - 5.9 -12.0 3 -10.4 3.4 
- 4 . 5  8 - 6.8 - 4 . 5  - 8.5 3 - 9.2‘ 3.9 
- 5.P 6 - 5.3 - 3.7 - 7.4 7 - 8.6 4.2 
- 2 . 6  8 - 5.3 - 3.6 i - 7.6 5 - 8.2 4.5 

- 6.6 13 -- 5.8 - 3.9 
- 7.8 17 - 6.0 -- 4.0 
- 5.U 16 - 5.2 - 3.6 
- 2.5 107 - 3.2 - 2.5 

30.7 107 30.7 - 0.7 

- 9.5 7 - 7.2 5.0 
- ti.4 6 - 6.0 6.7 
- 3.3 1 - 3.7 5.0 
- 2.1 36 - 2 . 0  7.9 

48.2 36 48.2 9.0 

- 3.1 4 - 4.6 1.1 
- 7.9 1 - 4.4 1.3 
- 3 . 7  4 -3 .6  1.7 
- 1.3 50 - 1.8 2.7 

38.7 50 38. I 3.7 

LOW ’! EAS IN WINTER. 
~ 

Height 
in 

meters. 

Enst (5). 
~~ ~- 

F No. AT T 
~ ~ _ _ _ _ _  

OF. OY. O P .  .... .. -28.1 -13.2 .... _ .  -26.7 - E . O  
.... . -25.2 -11.2 . .. . . -‘?3.4 -10.2 
.... .. -214  - 9 . 1  .... .. -19.7 - 8.1 

.... .. -17.8 - i . 1  

... . .. -15.8 - 6.0 ... . . . -14.0 - 5.0 
-10.9 3 -12.0 - 3.9 
- 8.3 6 -10.3 - 3.0 

- 6 . 5  3 - 9.2 - 2.3 
-10.7 3 - 9.3 - 2.4 
- 8.6 7 - 9.8 - 2 . 7  
-10.2 8 -10.0 - 2.8 
-10.0 5 - 9.8 - 2.7 

-11.1 4 - 8.9 - 2.2 
- 6.5 8 - 7.5 - 1.4 
- 5.7 8 - 5.9 - 0.5 
- 2 . 2  62 -3 .0  1.1 

37.1 63 37.1 2.Y 

South (13). West (7). Mean. North (0). 

F No. AT T F No. AT T 
_____ ~~ 

O F. O F. O 1’. 
. .. . . . 4 5 . 0  -18.7 
.... .. -43.0 -17.6 ... . . . -40.8 -16.4 
. . . . . . -38.7 -15.2 

-3i.9 2 -36.4 -13.9 
-35.2 2 -34.0 -12.6 

3 1 . 1  2 -32.0 -11.5 
-30.1 3 - 3 . 6  -10.2 
-26.5 4 -27.0 - S.7 
-23.3 6 -24.R - i . 5  
-23.9 6 - 2 . 7  - 6.3 

-20.2 5 -20.3 - 5.0 
-18.0 20 -18.0 - 3.7 
-15.7 23 -16.0 - 2.6 
-14.0 31 -13.8 - 1.4 
-10.3 22 -11.4 - 0.1 

- 8.2 17 - 9.2 1.2 
- 8.0 21 - 7.3 2.2 
- 4.1 13 - 4.7 3.7 
- 1.6 155 - 2.4 5.0 

43.4 185 43.3 6.3 

F Nu. AT T AT 
100 

0 P. 01: 
-16.0 -0.55 
-14.9 -0.45 
-14.0 -0.50 
-13.0 -0 55 
-11.9 -0.55 
-10.8 -0,s 

O F .  O F .  O f !  
... . . . -24.0 -16.0 
.... .. -22.4 -15.1 .... .. -20.9 -14.3 
.... .. -19.4 -13.5 .... . .  -18.0 -127  

- 4.9 1 -16.0 -11.6 

- 3.2 3 -14.2 -10.6 + 1.1 3 -12.8 - 9.8 
+ 3.5 2 -11.2 - 8.9 
- 9 .6  4 -10.0 - 8.3 
-4.5 5 - 9 . 2  - 7.8 

-10.7 7 - 8.5 - 7.4 
- 9.5 5 - 8.4 - 7.3 
- 7.2 7 - 5.4 - 7 . 3  
- % 2  8 - 7.9 - 7.0 
- 9 . 6  8 - 7.3 - 6 . 8  

- 4.8 7 - 6.1 - 6.1 
- 5 . 5  11 - 5.0 - 5.5 
- 4.0 13 - 3.7 - 4.7 
- 1.9 109 -2.0 - 3 . 8  

27.1 123 27.1 - 2.7 

O F. O F. O I T .  . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . 
. . . . . , . . . . . . . . 
. . . . . . . . . . . . . . 

. . , . , . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . 

4Ooo 
3860 
3600 
3400 
3200 
3000 

2500 
2600 
2400 
2200 
2000 

lR00 
1600 
1400 
1200 
1000 

800 
600 
400 
200 

0 

- 9.2 4 . 5 0  - 8.1 -0.60 
- i. 5 -0.45 
- 6.6 -0.45 
- 5.7 4 . 4 0  

- 4.9 -0.20 
- 4.5 -0.15 
- 4.2 -0.25 
- 3.7 -0.25 
- 3.2 -0.40 

- 2.4 -0.40 
- 1.6 -0.55 
- 0.5 -0.65 

0.8 -0.65 
2.1 .... 

Mean -0.43 
~ 

teiimerature-falls from the surface. Mountain observations that in the higher levels the temperature is relatively low over 
cyclones, but high over anticyclones, and thence he supposed 
that this apparent inversion must be due to dynamic actions, 
as of eddies or driven whirls in the prevailing eastward drift. 
To somewhat the same effect the investigations of Dechevrens, 
Berson, and Teisserenc de Bort have come, namely, that ‘‘ cy- 
clones average colder than anticyclones below nine kilometers.” 
On the other hand, the investigations of Harrington, Botch, 
Hazen, Clayton, Shaw, and Dines lead to the conclusion that 
‘‘ cyclones average warmer than anticyclones.” 

The discussion of the temperatures over Hald and Berlin 
by Grenander ’ is said to support Hann’s proposition rather 
than the American view. It is worth while to find whether 
this contradiction can be readily reconciled. Without exam- 
ining critically the observations themselves and the methods 
of reduction that have been employed, it is sufficient to remark 
that a very large number of observations is required to arrive 
at  definitive results, and that both the annual and the diurnal 
variations of temperature must be eliminated from the 

1 Les gradients verticaui de la temperature dens lea minima et les 
maxima barom6triques. Par S. Grenander. Arkiv fiir matematik, an- 
tronomi och fysik. Bcl. 2, No. 7. (.1905.) 

-~ _ _ _ _  

I. require a series of local corrections to be applied to re- 
duce them to free air measures of temperature, and, geaer- 
ally, the observations must be distributed quite uniformly 
throughout the 24 hours. The tendency is to use an excess 
of daytime observations, and this will produce one-sided data 
in the strata up to a t  least the elevtltion of 3000 meters. In 
the following espos i t ia  i t  will be suficient to employ the data 
contained in Grenander’s paper and in the Blue Hill paperJS 
which have already been used in my discussion of the diurnal 
periods of the temperature. We shall expect to show that 
the structures of the American and European cyclones and 
anticyclones are practically the same, except possibly in the 
lower strata, within 2000 meters of the surface. 

THE TEMPERATURE-FALLS AT BLUE HILL AND HALD-BERLIN. 
The reader is referred to my paper on “The diurnal periods 

of the temperature ” for a description of the method employed 
in discussing the Blue Hill kite observations of 1897-1903. 

3 Observations at the Blue Hill Observatory, 1901-2, and appendix 
of the  observations with kites, 1897-190’2, with discussion by H. Helm 
Clayton. 

Monthly Wefither Review, February, 1905. 
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O F. F. O C. 
. . . . . . . . .  -41.2 1 . 8  
-35.0 1 -38.7 -3.4 
-35.2 1 -36.2 -2.0 
-32.8 2 -33.8 - 0 . 7  
-31.7 2 -31.5 0.6 . . . . . . . .  -29.0 2.0 

. . . . . . . .  -26.6 3.3 
-32.5 3 -24.4 4.6 
-29.1 5 -22.2 5.8 
- 2 . 0  7 -20.0 7.0 
-1Y.6 8 -18.0 8.1 

-17.4 7 -16.0 9.2 
-14.3 8 -14.6 10.0 
-17.P 8 -13.5 10.6 
-16.8 9 - 1 2 . 0  11.4 
-13.2 11 -10.7 12.1 

MONTHLY WEATHER R;EvIEW. 

O C! O C 
- 4 . 4  -0.80 
4 . 8  -0.75 
-3.3 -0.75 
-1.8 -4 .75 
-0.3 -0. iO 

1.1 -0.75 

2.6 -0.70 
4.0 -0.60 
5.2 -0.60 
6.4 -0.60 
7.6 4 . 6 0  

8.7 4 . 5 5  
9.8 -0.55 

1U.8 -0.50 
11.9 -0.30 
12.5 4 . 2 0  

11 

- 7.3 13 - Y.? 13.0 
- 7.9 18 - 7.8 13.8 
- 8 . 4  10 - 6.2 14.7 
- 2. 9 119 - 2.7 16.6 

TABLE 2.- Temperature-fds at Blue Hill. 
HIGH AREAS I N  SUMMER ( A P R I L  TO SEPTEMBER).  

12.9 -0.30 
13.5 -0.45 
14.4 -0.60 
15.7 -0.55 

-16.0 8.0 
-14.6 8.8 

-12.0 10.2 - 7.8 12.3 
- 4.0 14.7 
- 2. 0 15. 8 

!I. 7 
10.8 

12.1 
13.6 
15. 2 
16. 4 

Height 
in  

metern 

Center (1). Eas t  (24). South (12). West  (8). I Mean. 

F No. AT T F No. AT T F No. AT T F No. AT AT 

O F. F. O C. 

-40.0 1 4 2 . 1  -6.8 
-45.2 1 -39.1 -5.1 
-33.2 1 -36.0 3 . 3  ......... -33.0 -1.6 
-32.6 7 -29.S 0.1 

-22.6 10 -27.3 1.5 
-22.1 5 -24.6 3.1 
-17.5 6 -22.2 4.4 
-20.7 9 -19.9 5.7 
-18.0 9 -17.4 7.1 

-18.7 15 -15.2 8.3 
-15.3 16 -12.6 9.7 
-11.4 20 -10 .2  11.0 
- 8.3 28 - 7.4 12.5 
- 4.7 35 - 6.7 13.0 

- 2.2 38 - 6.0 13.4 
+ 2.6 46 - 4.7 14.1 
- 1.9 46 - 2 . 5  15.3 
- 0.9 326 - 0.6 16.3 

62.0 326 6 2 0  16.7 

4 . 3  1 4 5 . 2  -8.: 
O F. O F. O C! 

. . . . . . . . .  -43.3 -9.6 . . . . . . . .  -40.0 -7.7 

. . . . . . . . .  -36.7 -5.9 
-33.0 1 -33.5 -4.1 
-30.7 2 -30.2 -2.3 
-26.1 1 -27.2 - 4 . 6  

-2S.O 1 -24.6 0.8 
-17.1 1 -22.0 2.3 
-15.5 2 -20.0 3.4 
- 7. 7 3 -1X.O 4.5 
-12.7 5 -15.9 5.8 

4000 
3800 
3600 
3430 
3200 
3000 

2800 
2600 
2Joo 
2200 
m 
1800 
1600 
1400 
1200 
1000 

8W 
600 
400 
200 

0 

O F. O F. O C!. ......... -37.4 -2.9 
-38.9 2 -35.0 -1.6 .... 
-30.8 2 QP.6 -0.. 
-31.8 4 -30.2 1.1 
-27.2 2 -28.2 2.3 
-27.7 5 -25.4 3.6 

-22.2 6 -23.3 4.9 
-21.6 6 -21.2 6.1 
-17.0 6 -19.4 7.1 
-16.0 5 -17.3 8.3 
-18.2 5 -15.4 9.4 

-14.9 11 -13.6 10.2 
-11.4 8 -11.8 11.3 

-15.2 6 -13.5 7.0 
-16.1 7 - 1 1 . 2  8.3 
- 7 . 6  15 - 9 . 1  9.4 
- 6.8 10 - 7.2 10.5 
- 5 . 7  17 - 6 . 0  11.2 

~ 

-10.2 11 -io.o 12.3 
- 7.1 13 - 8.5 13.2 
- 7.1 16 - 7.9 13.6 

- 4.8 14 - 5.3 11.5 
- 5.4 19 - 5.3 11.6 
- 5.3 19 - 4.6 11.9 
- 2.6 134 - 2.8 12.9 

- 7.9 17 - 7.6 13.7 
- 1.9 24 - 6.1 14.5 - 4.3 25 - 4.3 15.5 
- 1.1 178 - 2.0 16.8 

64.3 178 64.3 17.9 58.1 134 58. 1 14.5 

1 Meau -0.62 

1s I N  SUhIMEK. 
~ 

South (22). 

LOW AR 

East (5). West (7). ~ Mean. 
Height 

i n  
meters 

Center (4). 

F No. AT T F Nu. AT T F No. AT T 
~~ 

F. ... -46.5 ... -44.8 
1 -43.0 
2 - 4 0 . 7  
4 -38.4 
3 -36.4 

~ 

0 (1. 

-4.60 
-0.55 
-0.60 
-0.55 
-0.60 
-0.50 

-0.60 
-0.60 
-0.65 
-0. 60 
-4.68 

-0.65 
-0.65 
-0.60 
-0.55 
-0.65 

-0.75 
- u. 80 
4 . 6 0  
-0.60 

O F. ........ ......... 
4 1 . 8  1 

-37.3 1 
-35.5 3 

- 3 3 . 2  3 
-28.9 4 
-29.7 6 
-26.8 7 
-23.7 7 

-25.8 3 
-16.0 3 
-14.1 6 
-13.6 5 
-12.1 6 

- 9 . 1  3 
-. 7.4 5 
-8 .4  8 
- 3.4 78 

58.2 73 

. . . . . . . . .  

O F. 
-44.0 
4 2 . 3  
4 0 . 4  
-3x. 8 
-37.0 
-35.0 

-33.2 
-31.0 
-28.6 
-26.0 
-23.5 

-20.7 
-18.0 
-15.7 
-13.2 
-11.0 

- 9. 2 
- 6.8 
- 4.3 
- 2. 0 

58.2 

0 C! 
-9.8 
-8.9 
-7.8 
-7.0 
-6.0 
-4. 8 

-3.8 
-2.6 
-1.3 

0.2 
1. 6 

3. 1 
4.6 
5.9 
7.3 
8. 5 

9.5 
10. 8 
12. 2 
13.5 
14.6 

O F. F. O i! ......... -58.8 -6.0 
. . . . . . . . .  -36.4 4 . 6  
-3s. 8 2 -34.6 -3.6 
-31.3 1 - 3 2 . 2  -2.3 
-33.3 2 -30.5 -1.4 
3 1 . 8  3 -28.6 -0.3 

F. 04.: 0 C! . . . . . . . . .  -48.2 -3.6 
O F. 

-41.5 
-38.8 
-35.5 
-39.0 

...... 

...... 
0 C! 

-7. 1 
-5.9 
-4. 8 
-3. 6 
-2.5 
-1.3 

4000 
3m 
3600 
3400 
3200 
3000 

2800 
2600 
2400 
n o 0  
2Ooo 

1800 
1600 
1400 
1200 
1W 

800 
600 
400 
200 

0 

-9.0 
-8. 0 
-6.0 1 
-3.8 

. . . . . . . . .  4 5 . 1 )  -2.1 
-35.6 1 -43.2 -0.8 
-37.9 5 -41.0 0.4 
-32.0 6 -38. Y 1.6 
-31.9 13 -36.1 3.1 

-34.0 -2.0 1 4 . 3  
-21. F, -11.1i n 

-35.5 4 -26. 8 0.7 
-29.1 2 -21.8 1 . R  
-25.4 2 -23.2 2.7 
-21.5 3 -21.0 3.9 
-15.3 4 -19.4 4.3 

-15.4 4 -17.0 6.2 
-14.9 5 -15.1 7.2 
-17.6 5 -13.3 8.2 
-11. 1 6 -11.6 9. I 
- 5.5 3 - 9.7 10.2 

-10.1 8 - 7.A 11.3 
- 5.7 8 - 5.7 12.5 - 5 . 8  11 - 3.5 13.6 
- 2.7 82 - 1.6 14.7. 

60.1 82 60.1 15.6 

-35.? 11 -34.6 4.0 
-30.9 14 -32.7 5.1 
-31.2 17 -30.4 6.3 

-25.9 18 -25.8 8.9 
-2n.s 18 -28.2 7.5 

-28.6 6 
-26.3 4 
-24.7 9 
-23.0 12 
-26.7 9 

-25.9 12 
-20.6 9 
- 20.3 12 
-18.8 11 
-13.7 12 

-12.9 10 
- 5.9 13 
- 3.0 11 
- 1.6 13.9 

62.5 145 

.... ... 
- 3 . 6  015 1 2.1 
-27.2 1.8 3.4 
-25.0 3.0 4. 6 

-24.0 23 -23.4 10.2 
-20.4 18 -20.8 11.6 
-14.2 25 -16.1 13.1 
-16.7 "3 -15. 6 14. 5 
-14.2 25 -13.0 16.0 

-11.0 35 -10.5 17.3 
- 8 .9  38 - 8 .0  18.8 
- 5.5 40 - 5.: 20.2 
- 2.7 341 - 2.1 21.7 

73.7 341 73. 7 23.2 

-0.63 

N. E. S. W. sectors, and for the center when possible. These 
sectors group the data according to my subareas as follows: 
For center we take subareas (1, 2,3,4),  for north (9,10,17, It)), 
east (7, 8, 15, l6),  south (5, 6, 13, 14), west (11, 12, 19, 20). 
The areas a t  the time of observation at  Blue Hill were located 
in respect to these subareas by studying the corresponding 
weather maps ancl selecting the most conspicuous high area 
or low area for the eenter. 

ESPLANATION OF TABLES 1, 2, 3, AND 4. 
The first column of Table 1 gives the height in meters, the 

second, F, the mean temperature-falls in Fahrenheit degrees, as 
determined by the number of observations recorded in column 
three; these temperature-falls were plotted on diagrams and 
average curves were drawn through the points, from which 
the value8 of AT found in column four were scalecl, and these 
should represent more exact values than can be obtained from 
the limited number of observations a t  our disposal. At  the 
bottom of columns F and 1 T i s  found the mean surface tem- 
perature, determined by the numerous readings niade at  the 
Blue Hill valley station. In column five, marked T, are given 
the corresponding temperatures themselve8 in centigrade de- 
grees, being transformed from the Fahrenheit degrees re- 

It is convenient to utilize the same data for discussing the clis- 
tribution of temperature in the several strata of cyclones and 
anticyclones up to the height of about 4000 meters, foi the 
sake of eliminating the diurnal variation. This was done by 
taking the mean values of the temperatures as observed at  
the several ascensions, which were distributed in the differ- 
ent hours of the day. While the distribution among the 
24 hours is not completely uniform, it is probable that a 
fairly satisfactory elimination of the diurnal teniperature rari- 
tion in the levels from the A!irface to 3000 meters has been 
accomplished in my computations, by taking the merage daily 
values as they exist in this report for the winter months (Octo- 
ber to March) and the summer months (April to September), 
thus making two groups for the five years of observations. 
The number of avai1al)le observationn is not nearly great 
enough to give definitive mean values, but the results here 
explained probably indicate quite suficiently the typical con- 
ditions that require to be known as the basis of a theoretical 
discussion of the thermodynamics of storms. 

Table 1, temperature-falls a t  Blue Hill, winter high areas 
and low areas, and Tqble 2, summer high areas and low areas, 
summarize the data. The temperatmure-falls are given for the 
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LOW AREAS 

Height 
in 

meters. 

IN WINTER. 

6ooo 
6800 
6600 
5400 
6200 
5000 

4800 
4600 
44.w 
4200 
4Ooo 

3800 
3600 
3400 
3200 
so00 

2800 
2600 
2400 
2200 
2ooo 

1800 
1600 
I400 
1200 
loo0 

800 
600 
400 
200 

0 

Height 
i U  

meters. 

6000 
58UO 
5600 
6400 
5200 
WOO 

4800 
4600 
4400 
4200 
4000 

3800 
3600 
3400 
3200 
3000 

2800 
2 m  
240u 
2200 
2ooo 

1800 
1600 
I400 
1200 
lcK?O 

800 
600 
400 
200 

0 

* TABLE 3.- Temperatwefalls at Hald and Berlin. 
HIQH AREAS I N  WINTER (OCTOBER TO MAY 15). 

North. 
- 

A T  T 
~~ -~ 

o c .  o r .  
-31.6 -27.0 
-30.0 -25.4 
-28.3 -23.7 
-26.7 -22.1 
-25.5 -20.9 
-24.2 -19.6 

-22.8 -18.2 
-21.6 -17.0 
-19.8 -15.2 
-18.6 -14.0 
-17.5 -11.9 

-16.4 -11.8 
-15.4 -10.Y 
-14.3 - 9.7 
-13.2 - 8.6 
-12.2 - 7.6 

-11.2 - 6.6 
-10.3 - 5.7 
- Y.4 - 4.8 
- 8.1 - 3.5 
- 7.1 - 2.5 

- 6.5 - 1.9 
- 6.0 - 1.4 
- 5.3 - 0.7 
- 4.6 0.0 
- 4.0 0.6 

- 3.2 1.4 
- 2.4 2.2 
- 1 . 5  3.1 
- u.7 3.9 

0.0 4.6 

North. 
~~ 

A T  T 

oc o c !  
-33.4 -26.5 
-31.7 -24.8 
-29.8 -22.9 
-28.2 -21.8 
-27.0 -20.1 
-26.1 -19.2 

-24.8 -17.9 
-23.8 -16.9 
-22.5 -15.6 
-21.1 -14.2 
-19.9 -13.0 

-18.7 -11.8 
-17.4 -10.5 
-16.0 - 9.1 
-14.7 - 7.8 
-18.5 - 6.6 

-12.5 - 5.6 
-11.3 - 4.4 
-10.5 - 3.6 
- 9 . 8  - 2 . 9  
- 8.4 - 1.5 

- 7 . 8  - 0 . 9  
- 6.6 0.3 
- 5.8 1.1 
- 5 . 4  1.5 
- 4.8 2.1 

- 3 . 6  3.3 
- 2.4 4.5 
- 1 . 3  5.6 
- 0.6 6.3 

0.0 6.9 

Enst. 

AT T 
~- 

0 c. 0 c. 
-34.0 -33.2 
3 2 . 1  -31.7 
-31.0 -30.2 
-28.7 -27.9 
-26.7 -%.Y 
-24.8 -24.0 

-23.6 -?2.8 
-22.4 -21.6 
-21.0 -20.2 
- 3 . 0  -19.2 
-15.8 -18.0 

-14.0 -17.2 
-17.2 -16.4 
-16.4 -15.6 
-15.1 -14.3 
-14.0 - 13.2 

-13.1 -12.3 
-12.3 -11.5 
-11.4 -10.6 
-10.7 - 9.9 
- 9 . 8  -9 .0  

- 8.8 - 8.0 
- 7 . 9  - 7 . 1  
- 6.8 - 6.0 
- 5.6 - 4.8 
- 4.6 - 3.8 

- 3.4 - 2 .6  
- 2.2 - 1.4 
- 1.2 -- 0.4 
- 0.5 0.3 

0.0 0.8 

Sooth. 

AT T 

0 c. 0 I - ,  
-25.3 -2i.'5 
-23.9 -23.1 
-22.7 -21.9 
-21.7 -20.9 
-20.3 -19.5 
-19.1 -18.3 

-13.1 -17.3 
-17.1 -16.3 
-15.7 -14.9 

-14.7 -13.9 
-13.7 -12.9 

-12.8 -12.0 
-11.9 -11.1 
-10.9 -10.1 
- 9.s - 9.0 
- 3.7 - 7.9 

- h . 4  - 7.6 
- 7.8 - 7.0 
- 7.2 - 6.4 
- 6 . 7  -5.Y 
- 6.2 - 5.4 

- 5 . 5  - 4 . 7  
- 4 . 9  -4 .1  
- 4.3 - 3.5 
- 3 . Y  - 3.1 
- 3.4 - 2.6 

- 2.8 - 2.0 
- 2.3 - 1.5 
- 1.7 - u.9 
- 0.8 0.0 

0.0 0.8 

E:rst. 
~~ 

A T  T 

West. 

AT T 
~~ 

0 (1 0 (i 
-25.7 -21.6 
-24.4 -20.3 
--22.9 -18.8 
-21.4 -17.3 
-19.8 -15.7 
-18.6 - 14.5 

-17.5 -13.4 
-16.3 -12.2 

-14.0 - 9.9 
-12.6 - 8.5 

-11.6 - 7.5 
-1lJ.6 - f i . F ,  
- !I. 5 - 5. 4 
- 8.6 - 4.5 
- 7.4 - 3.3 

- 6 . Y  - 2 . 4  
- 6.3 - 2.2 
- 5 4 - 1.3 
- 4.4 - 0.3 
- 3 . 6  0.5 

- 2.9 1.2 
2.3 1.8 

- l . Y  2.2 
- 1.6 2.5 
- 1.3 2.8 

- 0.9 3.2 
- 0.6 3.5 
- 0 . 4  3.7 
- 0.2 3.9 

0.0 4.1 

-15 o -1n.s 

hIem gradicut up to 4OUO meters.. . . . . -0.40 

0 (1 0 (-! 

-33.8 -29.6 
-32.4 -28.2 
-31.0 -26.3 
-29.7 -25.5 
-28.0 -23.8 
--'%.I5 -22.4 

-25.7 -21.5 
-24.3 --20.1 
-23.0 -1S.8 
-21.4 -17.2 
-20.2 -16.0 

-19.0 -14.8 
-17.9 --13.7 
-16.5 -12.3 
-15.2 -11.0 
-14.2 -10.0 

-13.4 - 9.2 
-12.6 - 8.4 
-11.3 - 7.1 
-10.2 - 6.0 
- 9 . 2  - 5.0 

- 3 . 0  - 3 . 8  
-7 .0  - 2 . 8  
- 5.9 - 1.7 
- 4 . 7  - 0 . 5  
- 3.2 1.0 

- 2.6 1.6 - 1.8 2.4 
-1.1 3 .1  
- 0.5 3.7 

0.0 4.2 

Mean. 

A T  
T l(10 

~~ 

0 r! 0 I :  
-2fi.6 -0.75 
-25.1 -0.71) 
-23.7 -0.8n 
-~!!!.i -u.sn 
-20.5 -0. i n  
-19.1 -0.60 

-1i.9 -0.55 
-16.5 4 . 7 5  
-15.3 -0.65 
-14.0 -0.45 
-13.1 -0.50 

-1'3.1 -0.45 
-11.2 -0.51) 

- 9.1 -0.55 
-10.2 4 . 5 5  

- 8.0 -0.40 

- 7.2 -0.40 
- 6.C! -0 .40 
- 5.b -0.45 
- 4 . 9  -0.40 
- 4.1 -11.35 

- 3.4 -0.35 
- 2.7 -0.33 
- 2.0 -0.30 
- 1 . 4  -n.:;o 
- 0.8 -u.40 

0.0 -0.35 
0.7 -0. ::5 
1.4 -0.:50 
2.u -0.30 
2.6 ...... 

Sooth. 

A T  T 
-~ 

o f :  0 c: 
-34.4 -2i.3 
-33.3 -26.6 
-32.0 -25.4 
-30.h -24.2 
-29.2 -22.6 
-28.3 -21.7 

-26.9 -20.3 
-25.8 -19.2 
-24.2 -17.6 
--2'2.8 -16.2 
-22.0 -15.4 

-21.0 -14.4 
-20.0 -13.4 
-18.8 -12.2 
-17.7 -11.1 
-16.6 -10.0 

-15.4 - 8,s 
-14.2 - 7.6 
-13 0 - 6.4 
-11.8 - 5.2 
-10.4 - 4.2 

- 9 . 8  - 3 . 2  
- 8,s - 2.2 
- i . 7  - 1.1 
- 6.4 0.2 
- 5.2 1.4 

- 4 . 2  2.4 
- 3.1 3.5 - 2.1 4.5 
- 0.7 5.9 

0.0 6. 6 

\vest 

A T  T 

0 c. 0 c. 
-35.5 -29.0 
-34.u -27.5 
-32.8 -26.3 
-31.8 -25.3 
-31.0 -24.5 
-30.3 ->%.Y 

-29.6 -23.1 
-2s. J -L2.3 
-28.0 -21.5 
-26.9 -20.4 
-26.0 -19.5 

-24.7 -1b.2 
-23.4 -16.9 
-22.2 -15.7 
-21.0 -14.5 
-19.7 -13. 2 

-17.8 -11.3 
-15.9 - 9.4 
-14.6 - b.1 
-13.1 - C.6 
-12.0 - 5 . 5  

-11.0 - 4.5 
-10 0 - 3.5 
- Y. 8 - 2. 3 
- 7 . 3  - 0 . 8  - 6.0 0.5 

- 4 . 7  1.8 
- 3  8 2.7 
-2 .3  4.2 
- 0.9 5.6 

0 0  6 . 5  

Mean. 

0 c 0 c: 
-28.2 -0.X 
-26.7 -0.70 
- 0 -0.3 - -1J.65 
-24.1) -0.65 
- 9 . 7  -0.50 
-21.7 -0.50 

-20. 7 -0.55 
-19.6 -0.65 
-18.3 -0.65 
-17.0 -0.35 
-15.9 -0.55 

-14. s -n m . .. ~ ~. 
-13. 6 -0.65 
-12.3 -(I.60 
-11.1 -0.35 
-10.0 - 0.65 

- 8.7 -0.65 
- 7.4 -0.5.5 
- 6.3 -0 .60 
- 5.1 -0.55 
- 4 0  -0.45 

- 3.1 -0.55 
- 2.0 -0.50 
- 1 . 0  -0.RU 

0.2 -0.55 
1.3 4 . 5 0  

2.3 -0.50 
3.3 -0.55 

5.4 -0.35 
6.1 ...... 
4.4 -0.50 

Mvao gradient up tu 4000 nietera . . . . . -0.55 

corded in column four, and the temperature for each stratum 
is computed by adding the temperature-falls J T, as reduced 
to centigrade degrees, to the surface temperature T. At the 
head of each section group is given the number of ascensions 
emuloved. aB 3 for north. 9 for east. 10 for south. etc. I n  the 

tnres of the sectors on the several levels, and the mean gra- 
dients per 100 meters. The gradients in the several sectors 
can be readily computed from the temperatures recorded for 
every 200-meter level up to 4000 meters. It shoulcl be noted 
that the data are entirely lacking for the north sector, except 
for the winter high areas. where three ascensions were available, 
and that observations in the central area are found only for 
the summer half of the year. This failure to record the 
temperature in the north sector is due to two causes, (1) the 
general passage of t8he centers of pressure to the north of Blue 
Hill, and ( a ) ,  especially, the class of winds prevailing in that 
sector, which are usually unfavorable for kite ascensions. 

For the European cyclones ancl anticyclones I have employed 
the clata found in Cirenander's paper. The temperature-falls 
in minter low and high areas a t  Hald and Ber!in (Table 3) were 
taken from the tables and diagram without change. For  these 
the results are recorcled in Tables 3 ancl 4, where -IT is the tem- 
perature-fall froin the surface and T the corresponding tem- 
perature a t  every 200-meter level. In  order to eliminate the 
diurnal variation from the surface mean temperatures, upon 
which every thing depenclh, it wils necessary to interpolate a 
few of the missing night temperatures as in Table 5. 

There is, of course, some uncertainty in this connection, 
hut not nearly enough to modify the conclusions based upon 
these surface means. It is much better to obtain approximate 
mean temperatures for the 24 hours than to employ those be- 
longing exclusively to the clay hours. In  the summer months 
the Hald and the Berlin temperatures were treated separately 
(see Table 4) ancl the adopted temperatures are the mean 
values of the two stations in the several 200-meter levels. The 
column T is the mean of the Halcl and Berlin columns, with 
interpolations, and J T is computed from T. 

TEMPERATURE-FALLS FROM THE SURFACE. 
There are two ways in which the data of these tables can be 

conveniently arranged for discussion, (1) by  exhibiting the 
temperature-falls on a diagram, and (2) by constructing the 
temperatures prevailing in the horizontal sections a t  different 
elevations. Fig. 1 represents the American and European 
temperature-falls in high and low areas, in winter and sum- 
mer. It shows at  a glance that the high areas (full lines) are 
not all cold as compared with the low areas, nor the low areas 
(dotted lines) all warm RH compared with the high areaa. On 
the other hand the north ancl west of the high areas are warm, 
while the south and east are cold, both winter and summer. In  
the lower levels, 1000 to 2000 meters, there is some entengle- 
ment of the gradient lines, and while there may be a tendency for 
the dotted lines of the low areas to cross the full lines of the high 
areas from riglit to left, there is nothing very decisive about 
the relation. I n  the American areas the temperatures of the 
high areas generally have a s 1 d 1  grnclient in the levels 1000 
to 2000 meters, and there is, also, some indication of the same 
tendency in the European high areas. Attention is directed 
to chart 14, International C'loud Report, 1S915, where a cor- 
responding vertical change in the velocities was recorded, 
indicating that this stratum has a steady velocity throughout 
its clepth in accordance with this local temperature distribu- 
tion. I n  the winter both the European and American temper- 
atures liare about the same estreine differences, approximately 
10' C. above the 2000-meter level, though below it the Ameri- 
can esceecl the European by about 4' C. The American 
circulation near the surface in winter is usually more active 
than the European. I n  the sunliner the American temperature 
divergence seems to be rather less, about 2O, than the 
European. tliough this dif-t'erence may really be clue to an 
inadequacy in the results of the observations in hand, and 
niay be changetl by incre:.sing their number. On the whole 
there are indications that the temperature spread is wider et 
the 3000-meter level than at  anv height above or below. and 

I . .  ~ 

lest columns of each general group are given the mean tempera- this implies that  the local circ<latiG is greater a t  this'level 
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FIG. 3.-The Distribution of Temperature in the High and Low Pressure Areas of North America. - 
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FIG+. 4.--The Distribution of Tempersture in the High and Low Pressure h e a s  of Europe. 
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- 5.8 - 5.9 -19.4 - 5 . 3  
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TABLE 4.- Temperature-full8 at Hald cind Berlin. 
HIQH BREAS IN 8UMhIER (APRIL TO SEPTEMBER). 

- 6.4  

13 

-19.3 - 4.8 
-17.2 - 3 .7  
-16.1 - 2.6 
-15.0 - 1 . 5  

- 0.2 - o 5 -13.9 - 0.4 

East. 

- 0.9 

South. 

-13.8 0.i 
-1 l . f i  1.9  

West. 

I 

Mean. 
Height 

in 
meters. 

North. 

H(rld Berlin AT .T Hald Berlin A 7  T Hold Berlin A T  T 

0 C! 0 C! 0 r. 0 e. 
-16.9 -17.5 -30.4 -16.7 

-29.2 -15.5 
-27.9 -14.2 
-26.7 -13.0 
-25.5 -11.8 - 9.7 -11.5 -24.3 -10.6 

o c  o c .  O C !  O r !  
-25.4 -23.1 -35.6 -24.3 

- 3 . 0  -22.7 
-32.4 -21.1 
-31.0 -19.7 
-2Y.7 -18.4 

-18.5 -15.9 -28.5 -17.2 

0 (I r. 0 c 0 c. 
-18.2 -19.5 -31.7 -18.9 

-30.5 -17.7 
-29.3 -16.5 
-2Y.1 -15.3 
-27.0 -14.2 

-12.2 -14.0 -25.9 -13.1 

o c  o c .  o c .  oc. 
-16.4 -16.9 -30.7 -16.7 

-29.4 -15.4 

-26.7 -12.7 
-25.4 -11.4 

-28.0 -14.0 

- 9.6 -10.7 --u.2 -10.2 

oc. oc. 
-19.2 -0.65 
-17.9 -0.65 
-16.6 -0.65 
-15.3 -0.65 
-14.0 4 . 6 0  
-12.8 -0.60 

-11.6 -0.60 
-10.4 -0.60 
- 9.2 -0.60 
- 8.1 -0.55 
- 7.0 -0.50 

- 6.0 -0.65 
- 4.9 4 . 6 0  
- 3.9 -0.50 
- 2.9 4 . 4 5  
- 2.0 -0.40 

- 1.2 4 . 4 0  
- 0.4 4 . 4 0  

0.4 -0.40 
1.2 -v. 45 
2. 1 -0.45 

3.0 - 0 . 5 0  
4.0 4 . 4 5  
4.9 -0.50 
5.9 - 0 . 5 5  
7.0 4 . 6 0  

6000 
5800 
5600 woo 
6rn 
6000 

4500 
4600 
4400 
4300 
4000 

3800 
36W 
3400 
3200 
3000 

2800 
2600 
2400 
2200 
2000 

1800 
1600 
1400 
1200 
1000 

800 
600 
400 
200 

0 

-24.9 -12.1 
-23 8 -11.0 
-22.7 - 9.9 
-21.6 - 8.4 

- 6 .4  - 9.0 -20.5 - 7.7 

-19.2 - 6.4 
-17.9 - 5.1 
-16.7 - 3.9 
- 1.5.5 - 2.7 

- 0. 7 - 2.6 -14.5 - 1. 7 

-l:?. 6 - 0. 8 
-12. S 0. IJ 
-12.1 v. 7 
-11.2 1.6 

3.7 1.5 -10.2 2.6 

- 9 . 3  3.6 
- 8. 3 4. 5 
- 7.4 5.4 
- 6 . 4  6.4 

7.2 7.5 - 5 . 4  7.4 

-22.9 
-21.6 
-20.4 
-19.3 

- 4.5  - 3.9 -18.2 

-17.2 
-16.2 
-15.2 
-14.2 

0.1 1.5 -13.2 

-12.1 
-11.0 
-10.0 
- 9.0 

5. 2 6. 6 - 8. 1 

- 7. 4 
- 6.6 
- 5. 8 
- 5.0 

s.4 11.1 - 4 . 2  

- 3.3 
- 2.5 
- 1. 6 
- 0. x 

11.4 16.5 0.0 

- 8.9 - 7. 6 
- 6. 4 
- 5.3 - 4.2 

- 3.2 
- 2.2 - 1.2 
- 0.2 

0.8 

1.9 
3.0 
4. 0 
5 .0  
5.9 

6. 6 
7. 4 
8.2 
9.0  
9. 8 

10. 7 
11.5 
12. 5 
13. 2 
14.0 

-23.2 - 9.5 
-22.1 - 8.4 
-20.9 - 7.2 

-27.8 -16.0 
-26.1 -14.8 
-24.9 -13.6 
-23.7 -12.4 

-12.8 - 9.6 -23.5 -11.2 
-19.7 - 6.0 

- 3.6 - 6.0 -18.5 - 4.8 

-17.3 -3 .6  
-16.2 - 2.5 
-15.3 - 1.6 
-14.6 - 0.9 

1.2 - 2.0 -14.1 - 0.4 

-13. 5 0.2 
-E. 9 0. 8 
-12.3 1.4 
-11.7 2.0 

4. 6 0.8 -11. 0 2. 7 

-10.3 3.4 
- 9. 6 4 . 1  
- 6.8 4. 9 
- 7 . 9  5 . s  

7.4 6.1 - 6 . 9  G . 8  

- 5. 7 8.0 
- 4. 5 9.2 
- 3.2 10 .5  
- 1.7 12.0 

13. 5 13. 9 - I). 0 13. 7 

-21.3 -10.0 
--2n 3 - - R  n -. . - -. . 
-19.3 - 8.0 
-1s.5 - 7.2 

- 8.5  - 4.5 - 1 7 3  - 6.5 

-1i. 3 
-16.9 
-16.2 
-15.3 

- 5.4 - 0.3  -14.1 

-12. 9 
-11.6 
-IO. 2 - 8.9 

2.2 5.3 - 7. 5 

- 6. 1 
- 4.6 
- 3. 1 
- 1.1; 

9. 1 13. 5 0.0 

- 6.0 
- 5. 6 
- 4. 9 
- 4.0 
- 2. u 
- 1.6 
- 0. 3 

1. 1 
2.4 
3. s 
5.2 
6. 7 
8.2 
9. 7 

11. 3 

- 4 . 4  8.4 
- - ;:; 

8.2 4 . 5 5  
9 .3  4 . 6 0  

10.5 4 . 6 0  
11.7 4 . 6 5  - 1.1 11.7 

10.5 15.1 o.n 12. s 13.0 . . . _. . 
-0.60 hIrau grmlicut up t a n  4001) irreters. .. .. .. _. _ _  _ .  . _  _ _  _. .. . _. .. 

LO\V -4RE.W I N  SLIMMER. 
~ 

6ooo 
6800 
5600 
M O O  
5200 
5000 

4800 
1600 
4400 
4200 
4000 

38uo 
3600 
3400 
3'200 
3 m  

2800 
2600 
2400 
2200 
2000 

1800 
1600 
1400 
1 BO 
1000 

S00 
600 
400 
200 

u 

-17.0 - 9.5 4 0 . 1  
-29.0 
-27.9 
-26.7 

-25.6 
-12.1 - 3.5 -24.6 

-28.8 
-!a. 9 
-21.8 
-%. 7 

- 7.5 2.0 -19.6 

-13. 7 
-17.8 
-16.6 
-15.8 

- 3.1 7.0 -14,s 

-13.3 
-12.3 
-11.1 
- 9.9 
- 8 . 8  
- I. 8 

- 7. 0 
- 6. 1 
- 5. 0 
- 3. 9 
- 2. 6 

- 1 .9  
- 1.0 

0.0 
1.0 
2.0 

2. 8 
3.6 
4. 5 
5. 4 
6. 4 

7. 6 
8. 8 

10.1 
11.4 
12.5 

-18.9 -17.5 -35.5 
-::A 1 
-32 8 
-31.4 
-30.1 

-11.9 -11.3 -28.9 

-2i.  7 
-26.5 
-25.4 
-24.3 - 6.4 - 5.4 -23. 2 

-22.2 
-21.1 
-21). 1 
-19.1 

- 1. s 0.0 -IS. 1 

-18. 2 
-16. Y 
-15.5 
-14.1 
-12.8 
-11.6 

-IO. 4 
- 9.2 
- s. 1 
- 7.c  
- 5.!1 

- 4. 9 
- 3. Y 
- 2. s 
- 1.8 
- 0. 8 

0. 1 
1.0 
1 .9  
3. 0 
4. 2 

5. 8 
7.5 
9. 2 

10. 7 
12.0 

-22.0 -21,s -35.4 -21.9 
-34.3 -20.n 
-33. 1 -19. 6 
-31.9 -1s.4 
-30.7 -1i .2  

- 16. 3 --1.5. Y -29. 6 -16. 1 

-24.5 

-19.3 

-21.4 -36.0 -23.0 
--35.3 -21. 9 
-34.1 -20.7 

-18.1 - 0 . 5 0  
-17.1 -0.45 
-16.2 -0.50 

-14.2 -0.50 
-13.2 4 . 5 5  

-12.1 -0.55 
-11.0 -0.60 
- 9.8 -0.60 - 8.6 4 . 5 5  
- 7.5 -0.50 

-15.2 -n. 50 

- 6.5 -n.50 
- 5. 5 -0. 55 
- 4.4  -0.50 
- 3.4 -0.50 
- 2. 4 4. 511 

- 1 . 4  4 . 4 5  
- 0.5 4 . 5 v  

0.5 -0.55 
1.6 -0.60 
2 S -0.60 

4.0 -0. 60 
6.  3 -0. 65 
6.6 -0. 65 
7.9 4. 65 
9.2 - 0 . 6 5  

10.4 4 . 6 0  
11.6 -0.60 
12.9 4 . 6 5  
14.1 -0.60 
15.3 ..... 

-0.57 
~ 

--8".9 -19.5 
-31.7 -18.3 

-14.8 -30.5 -17. 1 

-2Y.2 -15.S 
-0" - , . d  I -14.5 
-26.5 -13.1 

-2R.5 -15.0 
-27. 1 --I:% Y 
-26.3 -12.8 
-25.2 -11.7 

-11.0 -10.2 -24.1 -10.6 I -Ii7 

-25.2 -11,s 
- 6.2 -3.9 -10.5 

-22.8 - 9.4 
-21.: - b . 3  
-20.5 - 7.1 
-1Y.3 - 5.9 

- 3.0 -18.1 - 4. 7 

-16.9 - 3.5 
-153  - 2 . 4  
-14.7 - 1.3 
-13. B - 0. 2 

2.7 -12.5 0 .9  

-10.4 3.0 
-9 .2  4.2 
- s. 0 5. 4 

Y.0 - 6.7 6.7 

- 5.3  8. 1 
- 4.0 9.4 
- 2.7 10.7 
- 1.4 12.0 

14.4 0. 0 13.4 

-11.4 2. n -13.8 0.i 
-1 l . f i  1.9  

- 9.2 
- 8. 0 
- 6. 7 
- 5.4 

6.3 18.7 - 4.3 

-11.5 
- 9. 8 
- 8.1 
- 6.6 

10.2 13. 7 - 5.3  

2 0 . 4  3.1 
- 9 . 1  4.4 

5.2 6.2 - 7 . 8  5.7 4.3 

- 3.4 13.4 
- 2. 5 14.3 
- 1.7  15. 1 
- 0.8 16.0 

12.4 21.2 0.0 16.8 

- 4.2 13. 1 
- 3.2 14. 1 
- 2. 1 15.2 
- 1.0 16.3 

14.9 19.6 0.0 17.3 

- 3.3 10.2 
- 1.7  11.3 

hIcau graolieot r i p  to 4000 metrrs. ... . . . . . . . . . . . . . . . . . . . . . . . . . 
- 

than above or below it, a result  indicnted by the observed 
velocities as shown on chart G S  of my Cloucl Report. I t  is 
hardly possible to consider the temperatures for the upper 
levels, 4000 to 6000 meters, as suficiently reliable to base special 
emphasis upon the wide divergence of the Enropean tenipera- 
tures in those levels, and the lines should probably be drawing 
together more rapidly than here shown. From other oousid- 
erations it may he inferred that the temperature differences 
generally disappear in the neighborhood of the cirrus levels 
9000 to 10,000 meters. While there is R tendency in the lower 
levels for the temperatures of the high areas to diminish less 
rapidly than those of the low areas, there is yet but little to  

justify the view that anything like an inversion of tempera- 
ture occurs, such as P r o g e s s o r  Hann found in mountain stations 
and ascribed to  dynaniic actions, or such as Bjerknes and 
Clayton assume to exist in their theories of cold-center and 
warm-center cyclones snperposed upon each other. This will 
be seen more clearly in the exhibit of figs. 3 and 4. We 
may safely infer from fig. 1 that there is little to distinguish 
the teiuperatiire distribution in European cyclones and anti- 
cyclones from that prevailing in the American high abd low 
areas. 

Using the same temperature-falls we now discuss the rela- 
tion according to actual warm and cold areas, as shown in 
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day ..................... Haldi night . .................... 
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2.1 (0.0) -1.7 5.1 
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day ..................... 

Means ........................ 
(night. .................. 

fig. 2, where the dotted lines indicate the warm areas and the 
full lines the cold areas. Hence we adopt the following 
arrangement: (See Table 6.) 
TABLE 5.-Surface temperaturea in centigrade degrees for day and night crt 

Hald and Berlin. 

6.6 1.7 1.9 4.2 
4.6 -2.5 1.3 5.9 

4.6 0.M 0.8 4.1 

HIGH AREAS. 

Station. I winter. 

High n0rt.h. 
High west. 
Low north. 
Low east. 

High east. 
High south. 
L O W  south. 
Low west.. 

Winter. 
_______ ~ ’ High areas. I Low areas. 

Summer. 

Summer. 
~~ 

High areas. 

S. E. A‘. 11: 
14.9 10.4 14. 0 13.6 

(12.0) (7.8) (6.9) (10.2) 

17. 1 16.6 16.5 19.0 
10.6 10. 3 11.6 14.0 

hier ican  ...... - 0.43 American .... 
European.. - 0.40 - 0.55 European ...... . . .  

13. 7 11.3 12. S 14.0 
~~ ~ 

O F. O F. 
- U.62 0.63 
- 0.50 1 0 . 5 ;  I 

! A‘. E. .<: 11: 
...................... 1 6 . 1  5..5 5.2 4.5 

night .................... l (4.0) 3. 8 6.0 6.8  

N. E. s. 11: 
14.6 15.d 14.0 12.3 
10.1 11.0 1’2.0 (12.0) 

Berlin Jday .................... 
(night .................. 

Means ....................... 

TABLE 6.- Distribulwn of the ~er-tora by warm and cold areaa. 
~ ~ _ _ _ _ _  

Hald mud Berliu, wiuter. I Blue Hill, winter. 

Warm areas. I Cold areas. 
- 

I 
High north. Eigh east. 

Low east. Low west. 
Low south. Low north. 

High west. High hollth. 

~ ~ 

Blue Hill, snmmer. 
~ 

High north. , High east. 
High west. High suuth. 
Low east. Luw north. 
Low BOlIth. I Low west. 

! TVarm areas. I cold areas. 

This summary shows that as a whole the war i cand  cold 
temperatures are about equally distributed between the high 
areas and low areas, especial11 in the levels above 1000 meters. 
Below that level, in the stratum near the ground, there is 
much less regularity in the distribution, and this probably 
means that the true cyclonic and anticyclonic action is dix- 
turbed by coming in contact with the ground, ancl by the 
adjustment to  surface conditions. It al.so shows that the sitrface 
teoiperatuw.9 are not entirrhy reliable as recurds oy the real distribic- 
tion preuazling in the f r ee  air, and zt implies tliat f o r  acctrratr .fore- 
castzrtg it will be necwaaiy to cliangv frow the emlrtsiiv use qf sitr- 
face te~nperatttre charts to those detrrnii,ced by obsermticms in thr 
f ree  air at snmriohat inoderate elrcafioiis, aitch as (’an be rasily 
obtained by kite-flights t i p  to 1000 or 2000 nieters. 

TEMPERATURE DIFFERENCES A T  THE SAME ELEVATION. 
The results of the computations may be exhibited even 

more clearly by plotting the temperatures on the several 1000- 
meter levels, and drawing a line to separate the high tempera- 
ture from the low temperature regions. Fig. 3 shows the 
distribution for the American and fig. 4 for the European 
cyclonic and anticyclonic regions. The loss of the data in the 
north sector of the American cyclone makes this line of clemar- 
cation uncertain in that area, but by analogy with the European 
data and from what we know of conditions at  the surface it is 
probably quite like that indicated in the diagram. I n  spite of 
the fact that  we have been using an insuficient amount of 
observations to render the temperature distribution entirely 
normal, it is yet evident that  the di.rtribiitio/i is f~i~i t lmnrntal ly  
the same i n  the American and European circulation. There is an 
ir!floio of cold air from the northrvest betireen the centers of baro- 

metric high and low pressure, and an iriflow of warm air f r o m  the 
south, likewise between the centers of loio and high pressure. There 
are no cold-celiter anticyclones in  an!/ bitel, nor any warm-center 
cyc lo tw in  any leiiel. There i s  no intreision of type f r o m  the aiir- 

face to the highest leuel reached, with the possible exception of the 
sio.face and the 1000-metei letiel ?f the Eicropeun cyclones tn the 
u9inter. I am at  a loss to explain this last result, and suspect 
that i t  may be due to our imperfect elimination of the diurnal 
temperature variation from the data contained in Grenander’s 
paper, or in the Hald and Berlin reports. This exception seems 
to constitute the basis for the claim that has been advanced 
for Professor Hann’s theory that the warm-center cyclone 
below is replaced by a cold-center cyclone above, and that this 
inversion of  temperature implies a dynamic system as the 
source of the level cooling. The fact is that the cool north- 
west winds in the npper levels follow the stream lines marked 
out in the diagrams of the Weather Bureau International Cloucl 
Report, as given in cliart 15, or in the MONTHLY W E A T H ~  REVIEW, 
March, 1903. They brcmir more and inore siniroirs i n  descending 
f i o t n  the cirrus IeivIx to the sici:facr, or brloict the stra.€o-cu),iitlus 

*el, 5f)O() nwters, c.itiling niore decidedly ui an utiticyclonic I*ota- 
t i  with n fewleticy to diriitle into two branclies. The southerly 

roinds i/i the same way tlii-ide into two hranches one cicrling into 
the cyckmr on the northeast and the other into the anticyclone on the 
noithivest qf the respectii’e centers. 

The mechanical cyclone ancl anticyclone, with centers of high 
and low pressure a t  the boundary between these cold and warm 
currents, are the dynamic effect of the vertical and horizon- 
tal motion of these currents of different temperature, just as 
has been explained in my previous papers. The observed vec- 
tors of velocity are such as to produce or accompany the tem- 
perature distribution here described, and the cold and the warm 
currents having different tdrnperatures bear within themselves 
the source of the energy of storms. The fact is that  storms 
are produced by horizo)ital con rvctiun more than by vertical con uec- 
tiott. The latent heat of condensation is an additional source 
of energy, and the underflowing of warm currents beneath the 
eastward drift is another small source of energy, but these 
are clistinctly subordinate to the horizontal or lateral convec- 
tion between these counterflowing inasses or sheets of air. 
The cyclone and anticyclone are the dynamic effects of this ther- 
modynamic energy, and this function constitutes the true prob- 
lem in meteorology for study. It is, therefore, evident that the 
different statements found in the literature of the subject 
regarding the cyclone being cooler than the anticyclone in the 
upper levels, have been imperfect ancl rough efforts to reach 
the facts here show-n. Since the counterflow does have some- 
what different configurations in the several levels, there is a 
diRerence of temperature to be obtained on proceeding from 
the surface upward over the same sector. But i t  is not proper 
to compare the temperatures of cyclones as a whole, from level 
to level, nor of anticyclones, without careful discrimination as 
to the subareas which are involved. It is important, likewise, 
to obtain the gradients over the warin and cold areas, Hepa- 
rrttely, rather than over the cyclones ancl anticyclones taken 
as wholes, as was clone in Tables 1, 2, 3, 4. 

VERTIC’AL. TEMPERATURE GRADIENTS PER 100 METERS. 

Taking the mean gradients over the high areas and the low 
areas for the American ancl European temperatures, and lim- 
iting the means to the 4000-meter level for the sake of the 
comparison, we obtain from Tables 1, 2, 3, 4: 
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TABLE 'I.-Temperatwea and gradients in ths American and European y c l m s  and anticyclone8 arranged by the warm and cold areaa. 
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. . . .  - 

Blue Hill, winter. 

_ _ _ _ ~  

Hald and Berlin, winter. 

~ _ _ _ _  

Hald and Rerlin, summer. 
Height 

in 
met.era 

Blue Hill, summer. 

Warm. Cold. Warm. Cold. Warm. Cold. Warm. cola. 

o c  0,: 
-24.9 -0 . i5  
-23.4 -0.80 
-21.5 4 . 7 0  
-20.4 4 . 6 5  
-19.1 -0.60 
-17.9 -0.55 

-1fi.s -4.m 
-14.3 -n.65 
-15.6 4 . 6 5  

-15.0 -0.60 
-11.6 -0.50 

0 c: 0 ,~! 
-29.0 - 0 . i O  
- 3 . 5  4 . n  
-27.1 -0.70 
-25.7 --II.li5 
-24.2 4 . l i 0  
-23.0 -0.55 

- 2 0 . i  -0.60 
-19.5 -0.60 
-1S.3 -0.55 
-17.2 -0.50 

-16.2 -0.5.5 
-15.1 -0.53 
-14.0 -0.60 
-12.s -0.60 
-11.6 -0 .HU 

-10.4 -0.60 
- !>.2 -0..;5 
- s .1  4 . 6 0  
- 6 . ~ 1  -0.5n 
- 5.9 -0.50 

- 4.9 -0.50 
- 3.9 -0.60 
- 2 . i  -0.60 
- 1.5 4 . 6 0  
- 0.3 4 . 5 5  

-21.9 -0.60 

oc: o c  

-15.0 -0.65 
-13.7 -0.65 
-12.4 -0.60 
-11.2 4 . 5 5  
-10.1 -0.55 

- 9.0 4 . 6 0  
- ,. h -11 55 
- 6.7 -0.55 
- 5.6 4 . 6 0  

- 3 4  4 . 5 0  
- 9 . 4  4 . 5 0  
- 1.4 -u.50 
- u.4 -0.40 

0.4 -0.45 

-1ri.2 -0.60 

- 4.4 - n . s  

oc!  o c !  
--2'L.O -4 .60  
-23.6 4 . 6 6  
-19.5 -0.65 . 
-1b.2 4 . 6 0  

-15.9 4 . 6 U  

-14. i  -0.55 
-13.6 4 . 6 0  
-12.4 -0.60 
-11.2 -0.60 
-10.0 -0.55 

- 7.5 -0.55 
- 6 . 7  4 . 5 0  
- 5.7 -0.50 
- 4.7 -0.45 

- 3,s -0.45 
- 3.9 -0.45 
- 2.0 -0.50 
- 1.0 4 . 5 5  

0.1 -0.55 

1.2 4 . 5 5  
2.3 -0.60 
3.5 -4 .60 
4 . i  4 . 6 0  
5.9 -0.65 

7.2 -0.70 
8.6 -0.65 
9.9 -0.iO 

11.3 -0. i5  
12.8 ...... 

-17.n -0.55 

- 4.9 -0.55 

oc. o c .  ............ ............ ............ ............ 
............ ............ 

o c  oc 
............ ............ 
............ ............ 
. . . . . . . . . . . .  
............ 

oc o c :  
. . . . . . . . . . . .  
. . . . . . . . . . .  
............ 
. . . . . . . . . . . .  
............ 
. . . . . . . . . . . .  

0 (1. 0 c. 
. . . . . . . . . . . .  
. . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . .  

m 
6800 
5600 
6400 
5200 
5Ooo 

4800 
4600 
4400 
4200 
4ooo 

3800 
3600 
3400 
3200 
3000 

2800 
2600 
2uw) 
dB0 
Zoo0 

i 800 
1600 
1400 
1200 
1000 

800 
600 
400 
200 

0 

............ ............ 

............ 

............ 
-11.9 4 . 5 0  

............ 

............ 

............ 

............ 
-17.6 -0.55 

. . . . . . . . . . .  

. . . . . . . . . . . .  

............ 

. . . . . . . . . . .  
- 4.3 -4.70 

. . . . . . . . . . . .  

............ 

. . . . . . . . . . .  

. . . . . . . . . . . .  
- 9.2 -4 .70  

-10.9 4 . 4 5  
-10.0 4 . 5 0  
- 9.0 -0.50 
- 8.0 -0.55 
- 6.9 -0.45 

- 6.0 -0.45 
- 6 . 1  4 . 4 5  
- 4.2 - 4 . 5 0  
- 3.2 - 4 . 4 5  
- 2.3 -0.50 

- 1.3 -0.50 
- 0.3 4 . 2 s  

0.2 -0.15 
0.5 -0.23 
0.9 4 . 2 0  

-16.5 -0 .55  
-15.4 4 . 5 0  
-14.4 -0.50 
-13.4 -0.55 
-12.3 -0 .50  

-11.3 4.4.5 
-10.4 -0.50 
- 9.4 4 . 4 0  
- 5.6 ,0.45 
- 7.7 -0.40 

- 6.9 -0.40 
- 6.1 -0.40 
- 5.4 -0.35 
- 4.8 4 . 3 0  
- 4.6 4 . 1 0  

-10.6 4 . 5 5  
-~ 9 . i  --0.55 
- S.6 -0.55 
- i.5 -0.55 

- 2.2 -0.60 
- 1. t -0.65 
- 0.4 -n.tio 

0.8 -0.65 
2.1 -0.5; 

3 .2 -0.60 
-1.4 -0.55 
5.5 -0.60 
6.7 4 . 5 5  
7 . Y  4 . 6 0  

9.0 4 . 5 0  
10.0  4 . 5 5  
11.1 -u.50 
12.1 -0.45 
l X . O  -0.40 

- 7,s 4 . 6 5  
- 6.5 -0 . i5  
- 3.0 -0.70 
- 3 . 6  -0.iU 
- 2.2 -0.65 

- 0.9 -0.iU 
U.5 -0.6.5 
1 . y  -0.65 
3 .1  --0.65 
4.4  -0.60 

5.6 -0.70 
i . 0  -0.65 

9.6 -0.40 
10.4 4 . 4 0  

11.2 -0.50 
12.2 -0.60 
13.4 -0.60 
14.6 4 . 5 5  
15.7 ...... 

h.3 --n.en 

- 6.4 -0.40 

- 5 . 6  4 . 4 0  
- 4,s -0.40 
- 4.0 4 . 4 0  
- 3.2 -0.4.5 
- 2.3 -0.35 

- 1.6 4 . 3 5  
- 0 .9  -0.35 
- 0.2 -0.20 

0.2 -0.2s 
0. i  -n.-lo 

1,:i 4 . 4 0  
2.1 -0.41) 
3.0 4 . 4 5  
3.9 - l l .& 
4.s -0.55 

5.:) - n . ~  
7.0 -0.55 
8.1 4 . 5 5  
!l.2 - 0 . 5 5  

10.3 -0.50 

11 .3  -0.so 
12.3 -0.50 
13.3 -0.55 
14.4 -0.55 
15.5 ...... 

1.5 -0.35 
2.2 -0.35 
2.9 -0.30 
3 .5  4 . 3 4  
4.1 ...... 

~~ 

0 . 6  4.511 

2 . 9  -0.40 
1.x -1l.55 

3. I -0.35 
... 

13. 8 -0.55 
I 4 . Y  -0.ss 
16.0 -0.70 
17.4 -0.65 
I h . 7  ...... 4 .4  ... 5.5 ...... - 0 . 5  ...... 

The American mean gradient is about the same for high and 
low areas a t  all seasons of the year, though the suimier 
gradient is greater than the winter in the ratio of 3 to 2. 
This is a function of the observed difference of velocity for 
these two seasons. The European gradient is larger in 
cyclones than in anticyclones for both seasons, and there is 
not so much difference between them in the summer as in the 
winter. These variations depend upon the local conditions 
which control the origin and mixing of the countercurrents 
themselves. Surveying the gradient lines as a whole, I believe 
that they show that, after escaping froin the surface canfusion, 
the lines spread gradually up to 3000 meters. or the strato-cumu- 
lus level, where the difference is a maximum ancl that  they then 
draw slowly together up to about the cirrus level where the earst- 
ward drift is usually undisturbed. This conforms to niy solu- 
tion obtained for the local cyclonic Telocities, which showed 
that the ~nasiii i i i in gyratiwi is iri the &ro-cu)nuIu.s kwl, aiid 
that it diminishes doiuni(mrd a d  icpic,arti rcrithcuct ?.evet.sdS The 
discussion of these velocities and temperatures, together with 
the corresponding pressures will be undertaken in a lat,er 
paper of this series. It is nom evident t,hat any adiabatic solu- 
tion of the problem is inadequate, ancl that  the omission of 
the heat added, J Q=O, is fatal to  a satisfactory discussion of 
natural cyclones and anticyclones, because the observed 
gradients differ from the adiabatic gradient, 0.987 degree 
centigrade per 100 meters. Furthermore, the surrounding 
of fixed masses of air with artificial boundaries for the sake 
of B ready integration, also takes the problem out of the class 
of those required in meteorology, and makes merely special 
ideal cases which are out of our consideration. It has 
seemed to me proper to wait for the acquisition of approximate 
values of the velocity, temperature, and pressure before try- 
ing to do anything with the analytical solutions. Since i t  is 
the divergence of the local temperatures away from the mean 
temperature of the atmosphere which produces the local cir- 
culations, we should evidently compute the gradients in the 
warm and cold ereas regardless of their distribution around 
the centers of pressure. 

TABLE 8.- Temperature d(ference8, cold minw ' m a m  are-. 

Winter. Sunnier. I - 
Height. I 1 Rluc Hill. 1 Hald and Berlin. 1 Hlue Hill. 1 Hald and Berlin. 

6llOO 
5000 
-ul00 
3000 
2000 
1000 

0 

-. .... -5.0 
-5.1 
-5. 4 
-5 .2  
-3.6 
-1.0 
+0.3 

..... I -5.8 

-4.3 I -5.1 
-3.4 1 -4 .7  
-2.6 ~ -4.: 
-3.0 ' -2. I ! 

, ..... -5. 4 
-4.9 -5.6 

..... 
-5 .7 
-5 .4  
-s. 4 
-5.5 
-6.0 

VERTICAL TEMPERATURE GRADIENTY IN THE WARN AND COLD AREAS. 

By taking the mean temperatures a t  the different levels, 
arranged according to the warm aud cold area groups indi- 
cated in Table 6, we obtain the temperatures and gradients of 
Tables 7 and 8. There are several rebults wliicli can be readily 
seen on the face of the tables: (1) The temperatures a t  Blue 
Hill, Hald ancl Berlin are in suficient agreement as to the ab- 
solute values in the several levels, to enable us to infer that the 
American and European systeiiis are in harmony so far as the 
temperature is concerned. (2) The difference between the 
temperatures in the warm and cold areas is about 5.4' on the 
4000-meter level, and it diminishes toward the surface, except 
a t  Blue Hill in winter. For Held and Berlin in winter there 
is the anomalous inversion already mentioned. For summer, 
a t  all stations, the temperature difference is about 3O in the 
lower levels. (3) The gradient at Blue Hill in winter is 
-0.fi5' near surface, -0.20' a t  the 1000-meter level, and 
-0.50" at  -1000 meters. Hald and Berlin show a coinpara, 
tively steady increase of the gradient from the surface- 
- 0 . 8 5 O ,  to - 0 . 7 5 O  at  6000 meters, with a slight diminution 
in the 1000 to 2000-meter stratum for the warm areas; in the 
cold areas the gradient is about -0.60' in the upper level@ 
throughout a deep stratum. I n  summer the gradient a t  the 
surface is about -0.60", a t  the 1000-meter level -0.40', and 
at 4000 meters -0.65, at  Blue Hill: at Hald and Berlin there 
is a diminution of the gradient up  to the 3000-meter level and 
an increase up to the 6000-meter level forwarm and cold areas. 
These facts are of special significance in the thermodynamics of 

*Compare chart 68, International Cloud Report, figs. 6, 7; and Tables 
11, 12, Monthly Weather Review, March, 1902. 
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cyclonic circulations. These temperature gradients may profit- 
ably be compared with the gradients in high or low pressure 
areas taken as a whole. The departure of the temperature in 
each sector from the prevailing mean air temperature is evi- 
dently the basis for a thermodynamic discussion of the cyclonic 
problem. 

RESULTS. 

We conclude that there is no fundamental difference in tlie 
structure of American ancl European cyclones and anticyclones. 
The observed temperature distribution is in harmony with 
the observed atmospheric currents, ancl is clue to au interniis- 
ture of currents from warm and cold latitudes, the energy of 
storms being thus referred to the heat transported from diber- 
ent latitudes. The pressure centers of motion occur on the 
boundaries of these countercurrents, and thus represent the 
dynamic effects of the thermodynamic energy. Instead of ver- 
tical convection being the primary cause of stiwnis i t  is ratlier 
horizontal convection, interchange of heat energy on the same 
levels, as suggested in my preceding papers. There is no evi- 
dence of the superposition of cold-center cyclones upon warm- 
center cyclones, as expounded by Clayton or by Bjerknes and 
Arrheniiis, nor are there purely dynamic vortices in a rapid 
stream as supposed by H a m ,  nor are there cyclonic vortices 
caused by atmospheric islands of high pressure obst,ructing a 
rapidly flowing eastward drift as explained by Shew, or by Hil- 
debrandsson in his report to the Int(ernationa1 Committee, 1905. 

ATMOSPHERIC ELECTRICITY. 
By QEORI~E C. SIMPSON, hf. X.. Lecturer in meteorology in the University of Manchester, 

England. Ltated January 17. 1906. 

The study of nieteorology may be pursued with two entirely 
different ends in view. We may pursue it for utilitarian pur- 
poses, or we may pursue i t  as a pure science for the knowledge 
to be derived froin it. It must be adinitted that there are a 
number of so-called meteorologists whose point of view is the 
former, ancl whose highest ambition is the production of 811 
almanac giving the stnte of the weather for each clay a year 
in advance. Although sonie of the great advances of h o w l -  
edge which have been of practical use to mankind Lave been 
macle by the utilitarian & d e n t ,  yet experience has shown 
that without the pure scientist little real advance can be made. 
The true men of research, working for the sake of science itself, 
have always been the pioneers to open up new country ani1 
reveal new treasures, which the utilitarian has then appro- 
priated and used I n  meteorology we must not expect and 
seek for merely practical knowledge, h i t  niust, investigate the 
atmosphere in a truly scientific manner, considering no phe- 
nomenon found in it to be unworthy of investigation. Thns 
although the electrical conditions of the atmosphere on a fine 
day are insignificant in comparison with the great motions of 
the atmosphere, or with the local conditions which cleteriuine 
the climate and weather of any place, yet meteorology can 
not be complete without a true knowledge of these conditions. 
While meteorologists must always be more concerned with 
the great changes in the motion, temljerature, pressure, and 
humidity of the air, they must also not forget that electricity 
plays an important part in natural phenomena. Since the 
time of Franklin great progress has been made in our knonl- 
edge of the electrical conditions of the atinosphere, but SO far 
the progress has led to no utilitarian results, and the probleius 
of the thunderRtorm are not yet solved. In the present article 
an attempt is made to sketch, in as few worcis and as simply as 
possible, the lines along which research has traveled. 

One of the first lessons we learn on being introduced to the 
science of electricity is that  a positively charged body placed 
between two others, one having a positive and the other a 
negative charge, will tend to move toward the latter. This 
we are told is due to the ‘‘ electrical field ” set up by the op- 
positely charged bodies. 

The experiments of Franklin showed that such an electrical 
field exists in the atmosphere during thunderstorms. Later 
observers have shown that not only during thunderstorms, 
but also under normal circumstances, there is an electrical 
field in the lower atmosphere, such that a positively charged 
body would be attracted toward the surface of the earth. The 
electrical field of the lower atmosphere points to the perma- 
nent presence of a layer of negative electricity on the surface 
of the earth with a corresponding positive charge somewhere 
allove the surface, but exactly where this positive charge is 
has been the subject of much controversy. 

For a long time i t  was thought that the negative charge on 
the earth is a charge left there when the earth first became a 
separate meiuber of the solar system. If that had been so 
then the corresponding charge of positive electricity woulci be 
solnewhere right outside the earth and its surrounding at- 
mosphere, in fact somewhere in cosniical space. We should 
thus have expected an electrical fieltl, similar to that fonnd 
near the surface of the earth, extencling with only slightly cli- 
minished intensity to heights much greater than those of our 
atmosphere; but observations made in balloons have proved 
nos t  conclusively that the electrical field found near the sur- 
face has nearly disappeared at a height of four and one-half 
miles (reached by Gerclien, November 5 ,  1903). This means 
that the outside positive charge corresponding to  the negative 
charge on the surface of the earth is not outside the atmos- 
phere, but is d i x t r i h t d  flir0rrgh thP iihole mass ef air in the loicier 
at niosph ere. 

This result leads us to consider under what conditions elec- 
tricity can exist in the atmosphere. Until 1900 the concep- 
tion was firmly held by physicists that the air of the atmos- 
phere in its normal state is a perfect nonconductor of elec- 
tricity, and that if a charged body, perfectly insulated, were 
placed in air quite free from dust the charge would be re- 
tained indefinitely. That such a body never does permanently 
keep it8 charge was always ascribed to the presence of dust 
in the air. It was supposed that particles of dust cowing into 
contact with the body take a part of the charge ancl are then 
repelled, and that thus in course of time the charge is in thiR 
way entirely dissipated on to the dust of the air. But in 1900 
Elster and Geitel in Germany and C. T. R. Wilson in England 
showed that not only does a perfectly insulated body in per- 
fectly pure air lose its charge, b u t  that the presence of dust 
diminislies the rate of loss instead of increasing it. 

Just  hefore this time new ideas had been formed as to what 
takes place during the discharge of electricity through gases. 
It hac1 been deiuonstrated that most, if not all, the phenomena 
then known to accoInpany the discharge of electricity through 
gases cnulcl be explained by assuming that an electrically neu- 
tral molecule of a gas can be split up into two other molecules 
or two atoius, each of which carries an electrical charge, one 
negative and the other positive. To these charged molecules 
the naiiie I C  ion ” had been given, an (( ion ” being understood 
to be any siuall material particle, generally of molecular di- 
iuemions, which carries a charge of electricity. 

Elster, Geitel, ancl Wilson at once pressed this theory into 
service to explain the results of their experiments. They as- 
suiiiecl that a small proportion of the molecules of ordinary 
air are always being split up into ions. Thus when a charged 
body is introduced into air the electricity on i t  attracts ions 
o f  tlie opposite sign which neutralize the charge, or in other 
wor& the charge is dissipated. Numerous experiments mere 
macle to prove or disprove this theory, but it has withstood 
all tlie tests and is now generally accepted. Elster and Geitel 
proceeded to work out in full the bearing6 of this new theory 
on the probleiiis of atmospheric electricity.. It a t  once be- 
caiiie obvious that if there are always both kinds of ions in the 
atmosphere the negative charge on the earth will attract the 
positive ions toward itself, become neutralized and so disap- 


